We constrain the stellar population properties of a sample of 52 massive galaxieswith stellar mass log(M s /M ) > ∼ 10.5 -over the redshift range 0.5 < z < 2 by use of observer-frame optical and near-infrared slitless spectra from Hubble Space Telescope's ACS and WFC3 grisms. The deep exposures allow us to target individual spectra of massive galaxies to F160W=22.5 AB. Our fitting approach uses a set of six base models adapted to the redshift and spectral resolution of each observation, and fits the weights of the base models via a MCMC method. The sample comprises a mixed distribution of quiescent (19) and star-forming galaxies (33). Using the cumulative distribution of stellar ages by mass, we define a "quenching timescale" that is found to correlate with stellar mass. The other population parameters, aside from metallicity, do not show such a strong correlation, although all display the characteristic segregation between quiescent and star-forming populations. Radial colour gradients within each galaxy are also explored, finding a wider scatter in the star-forming subsample, but no conclusive trend with respect to the population parameters. Environment is also studied, with at most a subtle effect towards older ages in high-density environments.
early, intense and short-lived star formation episode within relatively small volumes ("galaxy cores"). These compact massive cores are already found at z∼1-3 (e.g. Daddi et al. 2005; Trujillo et al. 2006; Cimatti et al. 2008; van Dokkum et al. 2008) , featuring relatively quiescent populations (Cimatti et al. 2004; Trujillo, Ferreras, & de La Rosa 2011) . The recent findings of a non-standard initial mass function (IMF) in the central regions of massive early-type galaxies (e.g. Martín-Navarro et al. 2015; La Barbera et al. 2016 ) can be related to a different mode of formation in the cores, following a more efficient conversion of gas into stars that produces a highly turbulent interstellar medium, leading to enhanced fragmentation (Chabrier, Hennebelle, & Charlot 2014) . In contrast, the outer regions (R > ∼ Re) feature a standard IMF (see, e.g. La Barbera et al. 2017; van Dokkum et al. 2017 ). This core-envelope dichotomy has been presented over the past few years as the two-stage paradigm of formation (e.g. Oser et al. 2010) , whereby the stellar populations in a galaxy are the product of both in-situ formation, along with an additional component of stars formed ex-situ, incorporated into the galaxy via mergers. The study of massive galaxies at the peak of galaxy formation activity, corresponding to redshifts z∼1-3 (Madau & Dickinson 2014) , provides a unique opportunity to probe this formation mechanism, by focusing on the in-situ component.
The analysis of spectral features from unresolved stellar populations is commonly used to extract star formation histories (see, e.g. Walcher et al. 2011; Conroy 2013, and references therein) . In the low-redshift Universe, it is possible to combine spectral fitting techniques with detailed analyses of targeted line strengths, allowing us to understand the age and chemical composition of the stellar component by use of population synthesis models. At higher redshift, similar approaches are hindered by both the lower fluxes of these sources and by the fact that the feature-rich optical window around the Balmer break+4000Å break shifts into near infrared wavelengths. Ground-based spectra are hampered by the strong and variable airglow and telluric absorption, making studies of massive galaxies at the peak of galaxy formation (z∼1-3) very challenging, even for 8-10m telescopes (e.g. Toft et al. 2012) . Space is the obvious platform for these studies (see, e.g., Ferreras et al. 2013; Wang et al. 2018) , and the upcoming launch of JWST, via its NIRSpec camera, capable of acquiring slit-based spectroscopy, will open the field of detailed stellar population work in distant galaxies (see, e.g., Chevallard et al. 2017) .
At present, the best option to extract information from the stellar populations of massive galaxies at these redshifts rely on slitless grism spectra with high enough S/N in the continuum to produce population constraints from spectral fitting. This approach has been exploited with the Advanced Camera for Surveys (ACS) and the Wide Field Camera 3 (WFC3) on board the Hubble Space Telescope (HST). Deep surveys, such as GRAPES (Pasquali et al. 2006) and PEARS ) allowed us to acquire a set of lowresolution spectra of a number of early-type galaxies in the z < ∼ 1 redshift window, consistently finding quiescent populations at the massive end, a result that suggests an early and efficient phase of star formation in these systems. The Early Release Science data from the WFC3 NIR grisms allowed us to study in detail a massive galaxy (FW4871, with stellar mass > ∼ 10 11 M ) at z=1.89 (Ferreras et al. 2012 , see . Average signal to noise ratio per resolution element of the G102 grism data corresponding to our massive galaxy sample, evaluated within a 0.1µm window around λ = 1µm, plotted against F160W total magnitude. For reference, the typical SNR expected from the WFC3 exposure time calculator for a 100 ks exposure (i.e. the FIGS integration time per field) is 5 for an unresolved source at F160W=22.5AB (dashed lines).
also van Dokkum & Brammer 2010) , providing the best case to date of a detailed spectrum of a massive and recently quenched post-starburst galaxy. This paper builds upon our previous work by presenting a combined analysis of the populations in massive galaxies via slitless grism spectroscopy in the observer-frame optical (PEARS: ACS/G800L) and NIR (FIGS: WFC3/G102 and G141) spectral windows. In §2 we describe the data, giving details about both the slitless grism spectra as well as the surface brightness analysis. §3 comments on the spectral fitting methodology leading to the derivation of population parameters, that are presented in §4. §5 explores in some detail our results, with a discussion about trends derived from Principal Component Analysis (PCA), and the potential effect of environment. Finally, §6 summarizes our results. Throughout this paper we quote magnitudes in the AB system (Oke & Gunn 1983) , and adopt a standard, flat ΛCDM cosmology with Ωm = 0.3 and H0 = 70 km s −1 Mpc −1 .
DATA
Our sample selection starts with the catalogue of sources detected in the Faint Infrared Grism Survey (FIGS, Pirzkal et al. 2017) . FIGS is a 160-orbit cycle 22 HST Treasury programme (Proposal ID: 13779, PI: S. Malhotra), that observed four distinct fields at five position angles, using the WFC3/G102 grism. We use v1.2 of the catalogue, where the redshift information originates either from the available spectroscopic measurements or from the photometric redshifts derived by combining broadband photometry and grism data (Pharo et al. 2018) . We note that these photometric redshifts achieve an accuracy of ∆z/(1 + z) ∼ 0.029 within redshifts z = 0.3 and 3. We refer to Pirzkal et al. (2017) for a detailed description of the FIGS data reduction and spectral extraction methods. In order to perform a homogeneous selection of the targets based on stellar mass, we use the same photometric data in all four FIGS pointings, available from the 3D-HST survey (Skelton et al. 2014) . We select all targets within a redshift range 0.5 < z < 2.5 and derive stellar masses using Table 1 . Details of the source selection: Col. (1) identifies the FIGS field, with equatorial coordinates given in cols. (2) and (3). Col. (4) gives the total number of FIGS grism sources in each field. Col. (5) is the number of massive (> 10 10.5 M ) galaxies, with F160W<22.5AB and with redshift within the adopted 0.5 < z < 2.5 window. Col. (6) is the number of massive galaxies used in this work (i.e. with both ACS and WFC3 grism data available). Figure 2. Comparison of our starting set of stellar masses with the 3D-HST masses (Skelton et al. 2014, labelled Skel14) , or the CANDELS estimates (Santini et al. 2015, labelled Sant15) , adopting the same (Chabrier) IMF. The scatter, given as one half of the difference between the 75% and the 25% of the distribution is 0.15 in both cases. The panel on the right shows the distribution of mass offsets.
the fluxes in F606W, F775W, F850LP (from HST/ACS), F125W, F140W, F160W (from HST/WFC3), as well as Ks (from Subaru/MOIRCS in the North and VLT/ISAAC in the South), and Spitzer/IRAC 3.6µm fluxes. We only select sources with F160W < 22.5 AB, as the grism data become very noisy at fainter magnitudes. Note that in this paper we perform spectral fitting on slitless grism data corresponding to individual galaxies, rather than relying on stacking large numbers of galaxies at low SNR (as in the 3D-HST survey, Fumagalli et al. 2016) . As an example, the WFC3 exposure time calculator predicts a S/N around 5 per resolution element for an unresolved F160W=22.5 AB source in the G102 grism, with the typical (100ks) exposures of the FIGS fields. Fig. 1 shows the observed SNR in the G102 grism data (evaluated at λ = 1µm) as a function of F160W total magnitude. The stellar masses are derived from a comparison between the observed photometric fluxes and a set of composite populations assembled from a base set of 3 × 4 simple stellar populations (SSPs) from the models of Bruzual & Charlot (2003) for a Chabrier (2003) initial mass function (IMF). The set comprises three metallicities ([Z/H]={-0.5,0.0,+0.3}) and four ages (logarithmically spaced between 0.1 Gyr and the age of the Universe at the redshift of each galaxy). An ensemble modelling the underlying probability distribution function is created with a Monte Carlo Markov Chain code based on the Foreman- Mackey et al. (2013) emcee sampler, where the free parameters are the weights of each of the 12 SSPs, along with a reddening parameter, E(B−V), applied as a foreground screen, following the stan- dard Milky Way extinction law (Cardelli et al. 1989) . We note that the uncertainties in the derivation of stellar masses are significantly smaller than those related to the other population parameters (such as age and metallicity) at a fixed IMF (see, e.g. Ferreras, Saha & Burles 2008) . Moreover, at this stage we want to make sure we select all massive galaxies within the adopted redshift range and flux limit. Fig. 2 shows a comparison of our working stellar masses with the estimates of 3D-HST from Skelton et al. (2014) , and those from Santini et al. (2015) in the CANDELS survey. We restrict the comparison to our mass threshold, logMs/M 10.5, although the agreement is equally good down to stellar masses logMs/M =9.5. The SIQR statistic 1 comparing our mass estimates with those from these published studies is 0.15 dex (3D-HST) and 0.14 (CANDELS).
The starting sample of massive galaxies is then matched to the catalogue of FIGS WFC3/G102 spectra, as well as to the catalogue of slitless spectra from the PEARS ACS/G800L survey (ID 10530, PI Malhotra, e.g. Ferreras et al. 2009 ). The WFC3/G102 grism covers the 0.8-1.15 µm spectral window at a resolution of R=210; and the ACS/G800L (WFC) observations extend over the interval 0.55-1.05 µm at R=100. When available, we add WFC3/G141 grism data analyzed as part of programme AR 13266 (PI Ryan). This grism provides a spectral coverage 1.075-1.7 µm at resolution R=130. From this starting sample we retain only those galaxies for which both PEARS Figure 4. Postage stamps of the 51 galaxies in our FIGS sample. Each stamp is a WFC3/F160W image from CANDELS (Grogin et al. 2011; Koekemoer et al. 2011) , covering a 16 × 16 area. The stamps are labelled with the field: GN1, GN2, GS1, and the corresponding ID. A stamp of the additional galaxy in this sample, FW4871, can be seen in Fig. 2 of Ferreras et al. (2012) .
FIGS/CANDELS WFC3/F160W
(G800L) and FIGS (G102) spectra are available. We note that only three of the four FIGS pointings (GN1, GN2 and GS1; see Tab. 1) overlap with PEARS data. The FIGS GS2 pointing targets a parallel CDFS field (HUDF-Par 2), not included in the ACS grism programme.
For each target and grism dataset, we correct the individual spectra -taken at a specific telescope roll angle -for contamination from nearby sources as computed in Pirzkal et al. (2017) . We combine the corrected spectra (excluding, in very few cases, those that deviate more than 3 σ from the average), and compute the uncertainty associated with the mean spectrum by propagating the errors of the individual spectra. The average PEARS and FIGS spectra of each galaxy are subsequently combined by scaling, in flux, the PEARS spectrum to the FIGS one within their overlapping spectral range, making sure to avoid data at the edges, where the instrument sensitivity drops and the flux calibration is not reliable. In the overlapping spectral region, the FIGS/G102 mean spectrum is interpolated to the dispersion of the scaled mean PEARS/G800L data. The two spectra are averaged and their errors propagated. The same procedure applies when combining the mean FIGS/G102 and G141 spectra. In this case the mean, G102 spectrum is interpolated to the dispersion of the lower-resolution G141 spectrum. Moreover, the G141 data are scaled to match the flux of G102. We exclude from this processing all galaxies whose spectra (either PEARS or FIGS) are truncated because the source is located at the edge of the field of view.
Tab. 1 summarizes the source selection. Fig. 3 shows the starting sample, as grey dots, and the final sample of galaxies with good PEARS and FIGS data for the spectral analysis presented below. Clearly, the combination of PEARS and FIGS data provide a wide coverage for the spectral fitting analysis, which in turn allows us to better constrain the star formation histories of massive galaxies in the rest-frame optical window. We cross-correlated the sample with the Xray 2 Ms catalogues in the CDFN (Alexander et al. 2003) and CDFS (Luo et al. 2008) , and only found three sources with a hard X ray detection (in the 2-8 keV band), namely galaxies 2144 and 2502 in GN1 and galaxy 980 in GS1, with X-ray fluxes LX = {0.01, 0.02, 0.35} × 10 44 erg s −1 , respectively. Given the low luminosity of these sources, we do not expect the rest-frame optical fluxes to be contaminated by AGN emission. Fig. 4 shows the WFC3/F160W images of the final set of 51 galaxies from CANDELS (Grogin et al. 2011; Koeke-Figure 5 . Examples of the full spectral fitting results, combining the ACS and WFC3 grism data. We show galaxies FW4871 (z=1.893, left) and GN1/2144 (z=0.943, right) . The slitless grism data are shown as green dots, and the best fit model is given by the solid line. For reference, we include the broadband photometry as orange triangles, with the horizontal error bars representing the FWHM of the bandpasses. The insets show the fractional contribution by mass of the six base models, labelled with respect to their average stellar age. The extracted star formation history reveals a younger population in 4871 (average age of ∼1 Gyr) with respect to 2144 (∼2 Gyr), as reflected by the prominent Balmer absorption features (see §3 for details). The rest of the spectral fits are shown in the appendix.
moer et al. 2011). We note that the FIGS fields GN1 and GN2 are covered by the CANDELS GN05 GOODS-N pointing, and that GS1 is fully covered by the CANDELS GSD01 GOODS-S pointing. We performed a simple visual morphological classification into early-and late-types, using these images. Tab. 2 shows the details of the sample, including visual morphology, stellar coordinates, redshift and F160W magnitude, as well as stellar mass and rest-frame U−V and V−J colours (derived from the spectral analysis, see below). The table also includes a parameter (col. 11) that gives a simple estimate of environment from Pharo et al. (2018) , with the following notation: 0 means no significant overdensity; 1 suggests a significant overdensity at the redshift of the source in at least one metric (M or S, see Pharo et al. 2018 for details), but the object is not nearby and/or the detection is marginal; 2 means a significant overdensity was found in both metrics, and the object is associated with the overdensity; finally 3 is the same as 2, but the overdensity has been previously and independently identified. Note that in addition to the 51 galaxies from the combined PEARS+FIGS sample, we include the spectrum of massive galaxy FW4871 (presented in Ferreras et al. 2012) , also produced from a combination of ACS and WFC3 grism data.
Surface brightness fits and colour gradients
In addition to the low-resolution grism spectra, we perform a surface brightness analysis, applying Galfit (Peng et al. 2002) to the CANDELS WFC3 images in F125W and F160W (Koekemoer et al. 2011 ). We consider a single Sérsic profile. An image of the point spread function for each pointing and field is created by median stacking a number of stars in the CANDELS GN05 and GSD01 fields. We inspected visually the fits, making sure there were no significant residuals. Moreover, we compared our results in the F160W band with the surface brightness fits presented in van der Wel et al. (2012) , and find a difference in the Sérsic index of ∆nS ≡ nS,FIGS − n S,vdWel = −0.18 ± 1.04 and in the effective radius of ∆Re ≡ Re,FIGS −R e,vdWel = 0.05±0.18 arcsec.
The analytic surface brightness profiles, using the best fit parameters from each band, are combined to create a C ≡F125W−F160W colour profile, from which we derive, via a standard least squares linear fit, a slope of the (linear) radial gradient: ∇C ≡ ∆C/∆ log R. Tab. 3 shows the results of the F160W surface brightness fits and colour profiles. As a test, we compared the visual morphological classification (from col. 3 in Tab. 2) with the Sérsic index (from col. 3 in Tab. 3), finding an average value of nS=3.4±2.6 for the early-types, and nS=1.3±0.7 for the late-types. There does not seem to be a similar segregation in the colour gradient with respect to visual morphology (average gradients of ∇C = −0.07±0.16 and −0.04±0.27 for the early-and latetypes, respectively), but a potential variation if the sample is segregated with respect to the Sérsic index (average gradients of ∇C = +0.03±0.05 and −0.11±0.24 for nS >2.5 and nS 2.5, respectively).
SPECTRAL FITTING
The fitting procedure involves two stages. In the first stage we perform an initial fit of the spectra using simple stellar populations (SSPs) from the synthetic models of Bruzual & Charlot (2003) for a Chabrier (2003) initial mass function (IMF). Although the use of SSPs is rather simplistic, the high level of correlation of any spectra involving unresolved populations allows us to assess whether a good fit is possible, and we also use this initial fit to mask bad data, or strong emission lines, by applying a 4 σ clip. Moreover, we test the effective resolution of the spectra and the spectral fitting range. We take into account the fiducial resolution of the grisms -namely R=100 @λ = 0.8 µm for ACS/WFC/G800L; R=210 @λ = 1 µm for WFC3/G102, and R=130 @λ = 1.4 µm for WFC3/G141, all valid for an unresolved source. In slitless spectroscopy, the effective resolution depends on both the actual resolution of the dispersion element, and the surface brightness profile of the galaxy along the dispersion direction, since the source acts Table 2 . Properties of the FIGS massive galaxy sample. Col. 1 shows the ID of the galaxy. Col. 2 flags the presence of G141 grism data, and col. 3 gives the visual morphological type (E=early-type; L=late-type). Cols. 4 to 6 give the RA, Dec and redshift of the galaxy. Col. 7 is the total flux in the WFC3/F160W band. Col. 8 is the best fit stellar mass, and cols. 8-9 give the rest-frame U-V and V-J colours. Cols. 8-10 include the 1 σ uncertainties in brackets. The parameter in Col. 11 gives an indication of environment (see text for details). as a slit. The above resolution figures are in fact quoted for unresolved objects, and an extended source will give significantly lower values. We address this issue by taking into account the Sérsic surface brightness profiles presented in § § 2.1. These profiles are convolved along the dispersion direction with the synthetic data, in order to obtain spectra with the same effective resolution as the observed data. This is done on a galaxy-by-galaxy basis. Once the fit is satisfactory, the code creates a set of five "base models" for each galaxy, with a constant star formation rate defined within the age intervals as follows:
• where ltMAX is the log10 of the age of the Universe at the redshift of the galaxy, i.e. corresponding to the oldest possible age. These base models have the same metallicity as the best-fit value obtained during the first fitting stage. In addition, we include a sixth base model, with the same age distribution as the oldest one (BM5), but at a metallicity lower than the best fit value by −0.3 dex. Base Model 6 thus represents an old, metal-poor component expected in formation histories with a low star formation efficiency. Although this component should not dominate the budget in massive galaxies (e.g. Ferreras & Silk 2000), we include this potential contribution as a free parameter.
The second stage of the fitting procedure uses the six base models to perform linear superpositions -exploring a wide range of complex star formation histories -and including the presence of dust. We use the standard extinction law of Cardelli et al. (1989) and consider two independent reddening components -each parametrised by a standard colour excess E(B−V). One component is expected to originate from star-forming regions, and is only applied to the two youngest components (BM 1 and 2). We note that the typical timescales for the dispersion of dust clouds in star forming regions is significantly shorter than the age of BM2 (see, e.g. Charlot & Fall 2000) . However, we are targeting the whole stellar distribution of these galaxies as one composite population, and our simple phenomenological model aims at assessing whether the populations from the younger stars in a potential post-starbursting system, are significantly more affected by dust than the general stellar component. A second dust parameter traces the diffuse distribution and affects the whole spectrum. This seven parameter model 2 is fitted using an implementation of the Python MCMC sampler emcee (Foreman-Mackey et al. 2013 ). The models and data are normalized in the observer frame λ ∼ 0.9 − 1.0 µm spectral window. Fig. 5 illustrates two examples regarding the fitting results. The panel on the left shows galaxy FW4871, whose WFC3 NIR spectra in G102 and G141 were obtained during the WFC3 ERS programme (Windhorst et al. 2011) , and was combined with the optical ACS/G800L data (Ferreras et al. 2012 ). This source is a z=1.89 galaxy, identified as a typical near-quiescent, compact massive galaxy, potentially a progenitor of the cores found in massive earlytype galaxies at low redshift. The panel on the right shows Table 4 . Continuation of Tab. 3, with an additional set of population properties. Col. 1 is the ID of the galaxy. Col. 2 is the best-fit metallicity (used in all base model, except BM6 (which has a metallicity reduced by -0.3 dex). Col. 4 is the stellar mass fraction in young stars (BM1 and BM2). Col. 5 is the mass fraction in low-metallicity stars (BM6). Col. 6 is the time when 10% of the total stellar mass was formed, and col. 7 is the quenching timescale (defined as t 90 − t 50 ). Col. 8 and 9 are the colour excess of the global population, and the young components, respectively. For ease of visualization, Base Model 6 (that has the same age as BM5) is displaced by +1 Gyr. Similar plots for the whole sample are shown in the appendix. The confidence levels of the fitting parameters of FW4871 are shown, for reference, in Fig. 6 , with contours at the 1, 2, and 3 σ levels. For a comparison between this free form, component-based fitting and a more standard approach with exponentially decaying (or constant-plustruncation) star formation histories, we refer the interested reader to Ferreras et al. (2012) , where a detailed comparison is made. As a reference, we note that the average age quoted here for FW4871 (1.18 ± 0.19 Gyr) is compatible with those derived from such generic functional forms: 0.72 ± 0.10 Gyr for an exponentially decaying SFH, and 1.44 ± 0.20 Gyr for a constant SFH, both derived from the spectrum extracted within the inner 0 .64 region of FW4871 (all quoted at the 1 σ level). As discussed in detail in Ferreras et al. (2012) , we emphasize that the use of exponentially decaying functions can lead to significant biases in the estimates of stellar age and formation timescale (see also Simha et al. 2014) .
From the best fit models, we derive a number of properties, including the best-fit metallicity, the average age, weighted according to the mass fractions of each base model: f1, · · · f6, the time to build up 10% of the total stellar mass (t10), and a quenching timescale (∆tQ), defined as the time lapse between t50 and t90, i.e. the time to evolve from half of the stellar mass content, to 90% of the total mass. The fitting parameters are listed in Tab. 2 and 4, including error bars at the 1 σ level. The uncertainties are derived from the MCMC sampling, taking the last 1000 points from the chains. The parameter t10 reflects the formation of the first stellar components of the galaxy, with higher values meaning earlier formation. For instance, galaxy GN1/2083 has t10 = 2.9 Gyr, meaning that the oldest 10% of its stellar populations have ages older than 2.9 Gyr. At the redshift of this galaxy (z=0.953), this implies a formation redshift around zFOR > ∼ 2.1. We also define fY ≡f1+f2 as the stellar mass fraction in the youngest components (BM1 and BM2); and fZ ≡f6 as the mass fraction in low-metallicity stars (i.e. BM6). Fig. 7 shows the rest-frame (U − V )0 and (V − J)0 colours, derived from the best-fit models. This colour-colour diagram is commonly used to separate between quiescent and starforming galaxies (e.g. Williams et al. 2009 ). The symbols split the sample into late-and early-type galaxies, following our visual classification. We use the colour criterion of Williams et al. (2009) to separate between quiescent and star-forming galaxies. Hereafter, the figures show these two subsamples in red and blue, respectively. Note the significant correlation between the photometric selection and the morphological one, where most star forming galaxies have a late-type morphology (star symbols) and most quiescent galaxies have an early-type morphology (solid circles). In addition, galaxy FW4871 is shown as an open triangle. Note this galaxy is at the limit between star-forming and quiescent behaviour, as expected since its spectrum shows strong Balmer absorption on a quiescent continuum (see Fig. 5 , left panel), a typical feature of post-starburst galaxies (Ferreras et al. 2012) . For reference, two tracks from the population synthesis models of Bruzual & Charlot (2003) are shown: the orange (labelled SSP) corresponds to a quiescent population with ages marked by the crosses -from left to right: {0.5, 0.75, 1, 1.5, 1.75, 2, 3, 4, 5} Gyr. The purple line (labelled CST) is a constant star formation history, with crosses marking the ages (also from left to right) {2, 3, 4, 5} Gyr. The dust vector for a Cardelli et al. (1989) attenuation law with AV = 1 is shown as an arrow. The classification based on either star formation activity or visual morphology is also presented, with the same symbols and colour coding, on a mass vs size plane in Fig. 8 . For reference, the local relation (from Shen et al. 2003 ) is shown as a solid line, including a ±0.2 dex region accounting for the scatter, as dashed lines. A significant fraction of our sample comprise compact systems, marked with open circles. We will show in the figures below the same identification to assess whether compact galaxies here present any differences regarding their stellar populations.
POPULATION TRENDS
The trends of the population parameters with stellar mass of our sample are presented in Figs. 9 and 10, following the same notation regarding symbol shape and colour as in Fig. 7 . A linear regression to the data presented in these two figures is shown in Tab. 5, giving the slope, the best fit value at 10 11 M , and the correlation coefficient ρxy. Errors are quoted at the 1 σ level. The analysis takes into account the uncertainties in the individual data points, as quoted Figure 9 . The age-related parameters are plotted with respect to stellar mass. The sample is split between quiescent (red) and star-forming galaxies (blue), and between early-types (circles) and late-types (stars), as defined in Fig. 7 . In each panel we show a linear fit to each subsample. A typical error bar, at the 1 σ level is shown in each panel. Galaxies that appear more compact than the local mass-size relation (see Fig. 8 ) include an open circle.
in the pertinent tables. The solid lines in Figs. 9 and 10 represent the best fits. Note the typical mass-related trend such that quiescent galaxies are more massive than starforming systems. Moreover, at fixed stellar mass, the age is younger in the latter subset, supporting the use of the UVJ colour-colour diagram to classify quiescent and starforming galaxies (Labbé et al. 2005) . Neither average age nor t10 give robust correlations with stellar mass. However, ∆tQ (defined as t90−t50, bottom panel of Fig. 9 ) shows a significant correlation in both subsamples, with the starforming set giving slightly longer "quenching" timescales at fixed mass. We emphasize that this sample is restricted to the massive end, where age-mass trends tend to level out (see Gallazzi et al. 2005 for the mass-age trend at low redshift, or Gallazzi et al. 2014 at z < ∼ 0.7). A significant difference is unsurprisingly found in the distribution of the fraction in young stars (fY , top panel of Fig. 10 ) between the quiescent and the star forming sample. No trend is noted with stellar mass in either subsample, but a large scatter is found in star-forming galaxies. The mass fraction in low-metallicity stars (fZ , middle panel) does not show a significant difference between these two sets, giving an average around 20% of the total stellar mass content in stars with lower (by a factor of 2) metallicity with respect to the fiducial metallicity of the best-fit value. However, we note the error bars are larger for this parameter, and may be more affected by systematic effects (see § §4.1). Finally, the average metallicity (bottom panel) shows the usual positive correlation with mass, with a large scatter, although we note the model comparisons produce rather large uncer- Figure 10 . This is the equivalent of Fig. 9 for the other spectral fitting parameters, from top to bottom: fraction of mass in young stars (f Y ), fraction of mass in low-metallicity stars (f Z ) and average metallicity ([Z/H]), The sample is split between quiescent (red solid) and star-forming galaxies (blue open), as defined in Fig. 7 . In each panel we show a linear fit to each subsample. A typical error bar, at the 1 σ level is shown in each panel. Galaxies that appear more compact than the local mass-size relation (see Fig. 8 ) include an open circle. tainties on the metallicity. As regards to the compactness criterion (encircled galaxies in Figs. 9 and 10), no apparent difference is found, supporting the idea that the compactness criterion, at fixed mass and redshift, does not segregate the populations with respect to age (Trujillo, Ferreras, & de La Rosa 2011) . Fig. 11 plots the overall properties of the sample with respect to the F125W-F160W colour gradient, showing that most of the gradients are very small, especially in the quiescent, early-type dominated sample. Some of the star-forming galaxies with late-type morphology have slightly positive colour gradients (i.e. blue cores), an aspect that may reflect a central episode of star formation (see, e.g. Ferreras et al. 2009 ). However, the fraction in young stars (fY ) appears not to correlate with colour gradients, so that our sample includes systems with star formation taking place either inside or outside. It is also worth pointing out that the compact subsample (encircled symbols) have either flat or negative colour gradients (i.e. red cores), suggesting that the bulk of the stellar populations is located centrally, from a characteristic early, in-situ process.
Systematic effects related to population synthesis models
We explore the potential systematic effects on the derivation of population parameters by running the same method described above with base models created from the stellar pop- ulation synthesis models MIUSCAT (Vazdekis et al. 2012 ), instead of Bruzual & Charlot (2003) . These models use different sets of prescriptions, interpolation schemes and stellar libraries, so a comparison allows us to assess the robustness in our extracted parameters and the resulting error bars. We note that the only two differences in the methodology are: 1) the youngest base model (BM1), which originally comprises a constant star formation history between 10 and 100 Myr in our fiducial models is now restricted to the range 60-100 Myr as younger ages are not available in MIUSCAT; and 2) the stellar IMF used is Kroupa Universal (Kroupa 2001) , instead of Chabrier (2003) for the BC03 models. Fig. 12 shows a comparison of the parameters extracted from these two different population synthesis models, showing an overall concordance, especially within error bars. We note that fZ gives the most discrepant results, although the expected uncertainties are also rather large. The comparison also shows a higher mismatch at low fY and short ∆tQ, but always compatible with the error bars. Therefore, we conclude that, as a "lowest-order" effect, the results found are resilient to variations among stellar population models.
DISCUSSION

Looking for the driver of population variations with PCA
We can assess the distribution of the variance in the results with respect to the various population parameters by applying Principal Component Analysis (PCA) to the results. PCA consists of creating linear combinations of the model parameters for the sample so that these combinations (the principal components, PCs) are decorrelated. Moreover, Figure 11 . Radial colour gradients (defined as ∇ C ≡ ∆C/∆ log R, where C ≡F125W-F160W), plotted as a function of (top from left to right): redshift, stellar mass, effective radius in physical units, and Sérsic index; (bottom, from left to right): average stellar age, metallicity, quenching timescale, and mass fraction in young stars The symbols follow the previous figures, with red/blue representing quiescent/star forming populations and dot/star plotting early-/late-types, respectively. Typical error bars are shown at the 1 σ level. Galaxies that appear more compact than the local mass-size relation (see Fig. 8 ) include an open circle.
these components are commonly sorted in decreasing order of variance, allowing us to determine which parameters are most responsible for the variance found in the sample. Tab. 6 shows the results for the first four principal components. Col. 2 gives the fractional contribution to the total variance, showing that these four components amount to over 98% of the total. The rest of the columns define the PCs as the coefficients corresponding to each of the model parametsrs. The first component (PC1, 78.9% of variance) is mostly dependent on the average age, as well as t10, and the second one (PC2, 12.6% of variance) mostly depends on the quenching timescale. The third component (PC3, 4.9%) is mainly dependent on the dust attenuation parameters, as well as metallicity. PC4 is just shown to illustrate that at lower levels of variance, all model parameters contribute in a similar way (achieving some sort of noise level). Therefore, we can say that our analysis mostly discriminates with respect to the average age, to first order, and then to the quenching timescale -or, in general, the width of the age distribution, to the next order.
Environment-related trends
The environment parameter presented in col. 11 of Tab. 2 can be used to assess whether the population properties depend on environment. Splitting the sample between = 0 for a low-density environment and > 0 for a high-density environment, we find that 14/19 (74%) of quiescent galaxies are found in a high-density environment, in contrast with just 11/33 (33%) for the star-forming subset. This is a variation of the well-known morphology-density relation (Dressler 1980) extended to star formation activity. It is much more informative to compare the distribution of age-related parameters, segregated according to environment. We show in Fig. 13 the result, split between star formation activity (quiescent: left, star-forming:right) and environment (solid: high density, dashed: low density). The histograms use a Gaussian Kernel Density Estimate to ease the visualization of the differences. The figure shows the evident difference in average age between star-forming and quiescent galaxies, as presented in Fig. 9 . The segregation with respect to environment shows a subtle trend towards older ages and longer ∆tQ in quiescent galaxies living in higher density environments. This trend with ∆tQ is less prominent in the star-forming set, but the sample is not statistically significant to go beyond this statement (a KS test cannot rule out the hypothesis of subsamples at high-and low-density being drawn from the same parent sample). We note that the ∆tQ values derived for quiescent galaxies are consistent with the total quenching time scale of < ∼ 1 Gyr derived by Muzzin et al. (2014) at z∼1, who compared the distribution of cluster post-starburst galaxies in phase space with a set of dark-matter-only zoom simulations.
SUMMARY
By use of the WFC3/NIR slitless grism spectra from the FIGS survey (Pirzkal et al. 2017) , we compile a sample of 51 + FW4871 = 52 massive galaxies (with stellar mass log(Ms/M ) > ∼ 10.5) over a redshift interval corresponding to the peak of galaxy formation activity (0.5 < z < 2). The NIR spectra are combined with the observer-frame optical spectra from the PEARS campaign (e.g., Ferreras et al. 2009 ), using the ACS/G800L grism, and studied by comparing with population synthesis models, adapted to the resolution of each source, effectively given by a combination of the resolving power of the grism and the surface brightness profile of the galaxy. Our sample comprises a mixture of 19 quiescent and 33 star-forming galaxies (Fig. 7) . We find the expected segregation with respect to stellar age between these two groups, but no variation with respect to stellar mass -noting that we are dealing with massive galaxies, where age and metallicity trends "level out". In contrast, we find a significant trend of the "quenching timescale" (∆tQ, defined as the time interval that goes from the galaxy having formed 50% to 90% of its observed stellar component) with respect to mass (Fig. 9) . We recover the increasing mass- Figure 12 . Comparison between the model parameters derived from the fiducial set of BC03 models (Bruzual & Charlot 2003, horizontal axes) and those extracted from the MIUSCAT models (Vazdekis et al. 2012, vertical axes) . For reference, a 1:1 straight line is included in all panels, as well as a typical error bar. The notation of the symbols follow the previous figures. Timescales are shown in Gyr. metallicity relation, although with a significant amount of scatter (Fig.10) . Tab. 5 quantifies these relations, including the correlation coefficient, showing that the trend between mass and ∆tQ is the most conspicuous one. In order to relate the population properties with the presence of internal gradients, we explore potential trends with radial colour gradients, finding no significant correlation, except for a marked difference between quiescent galaxies -with very small colour gradients -and star-forming galaxiesthat show a much wider range of gradients, both positive (blue cores) and negative (blue outer envelopes). The compact massive subsample has either flat or negative colour gradients, i.e. featuring red cores (Fig. 11) , a result of its insitu, early formation. We finally considered potential trends with respect to environment, finding only very subtle differences that support the idea that at the massive end, envi- ronment only plays a secondary role (see, e.g. Thomas et al. 2010; Rogers et al. 2010; La Barbera et al. 2014) . 
APPENDIX A: SPECTRAL FITS
For reference, we show in Figs. A1 and A2 the spectral fits and resulting star formation histories of the complete sample, following the same format as in Fig. 5 , with points in red being masked out of the fitting procedure. These red points may represent either line emission from the objects or a potential residual contamination from neighbouring sources.
